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Abstract 
Hydroxyapatite (HA) is a versatile material for removing pollutants from water and wastewaters. Based on the 
specifics of HA, its chemical reactivity, and the possibility to employ different processes, HA can be used to remove 
toxic metals, dyes, and pharmaceutical compounds, to reduce unpleasant smells in wastewater treatment plants, or to 
constitute the cement and/or the filler material in permeable reactive barriers (PRBs). 
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1.  Introduction 
In environmental studies, the search for new pollution remediation systems for water and wastewater 
have principally focused on priority pollutants, such as POPs (Persistent Organic Pollutants), pesticides, 
toxic metals, radionuclides, and persistent, high flux, toxic, endocrine active compounds. Recently, the 
attention of the scientific community has started to shift to the emerging pollutants  (EPs), detected in 
water resources as a result of human activities. They include pharmaceuticals, personal care products, 
dioxins, flame retardants, etc. They are a source of concern because many of them are resistant to 
conventional water treatment, and they are harmful to human health, even in low concentrations, playing 
as hormonally active agents, or endocrine disrupting compounds.  
A characteristic of some contaminants is that they do not need to be persistent in the environment to 
cause negative effects since their high transformation/removal rates are compensated by their continuous 
introduction in the environment. 
In order to propose a new process (or new materials) to remove pollutants, the budgets (sources, entry 
routes, and fate) for environmental pollutants would be of importance. Sorption is a simple purification 
technique that is often applied with inexpensive sorbents in order to clarify wastewaters. Because several 
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contaminants have to be removed at the same time, the use of material acting in different ways against the 
polluting agents would be useful.  
Pentacalcium hydroxyorthophosphate, also known as hydroxyapatite (HA), has been widely studied as 
an ideal biomaterial because of its close resemblance to the mineral phase present in mammal bones. The 
stoichiometric formula for HA is Ca5(PO4)3OH but in natural bones many impurities are included as ionic 
substitutions, e.g. fluoride, carbonate or magnesium ions replacing hydroxyl, phosphate or calcium ions in 
the crystal structure. HA has a large affinity for heavy metals and many reports have investigated the 
interactions between HA particles and aqueous solutions contaminated with divalent or trivalent metals. 
For instance, analysis of lead and cadmium levels in human teeth was reported to reflect exposure to local 
heavy metals. The spatial distribution of lead in the dentine of human primary teeth may be used to obtain 
temporal information of environmental lead exposure during the pre- and neonatal periods. HA is not an 
environmental dangerous product and is commonly found in soils as phosphate rock. 
In this manuscript different applications of HA in removing contaminants, such as metals, dyes, 
emerging pollutants, from water and wastewater are discussed, depending on the physico-chemical 
mechanism involved (sorption, co-precipitation, reactivity) or the process used (batch, column flow or 
permeable reactive barrier (PRB) used).  
2. Sorption: removal of toxic metals 
Despite accumulated evidence that HA reacts extensively with many heavy metal ions, there are few 
industrial applications illustrating the use of HA for water decontamination. So called Apatite II, 
originating from fish bone wastes was successfully used on a large scale in remediating contaminated soil 
[1]. Synthetic HA embedded in an organic sponge demonstrated ability to capture metals from aqueous 
solutions. Metals in solution are immobilized on the apatite mineral by surface sorption, precipitation or 
co-precipitation, the relative contribution of sorption and precipitation to metal removal depends upon the 
environmental conditions, the mineral phases present, and the metal concentration. Under acidic 
conditions, the dissolution of phosphate ions from HA promotes the precipitation of other multivalent 
metals in the form of insoluble phosphates. 
The removal of lead from aqueous solution by contact with HA is very efficient and it has been 
determined in detail [2]. When the metal concentration is low, hydroxypyromorphite forms by epitaxial 
growth on HA surfaces but when the rate of lead uptake is too fast, an amorphous phase precipitates and 
prevents further metal removal from solution. The initial rapid step is described as metal surface 
complexation while the subsequent slower step is related to ionic exchange with calcium ions. In the 
effort to improve the performance of hydroxylapatite (HA) in removing lead ions from aqueous solutions, 
millimeter-sized granules with 50% porosity were synthesized. It was found that heavy metal sorption 
capacity of HAs can be related to their surface area, depending on the experimental drying or sintering 
conditions used. HA granules showed heavy metal sorption on their outer surfaces whereas sintered HA 
particles sorbed fewer lead ions, which were spread inside the porous structure of HA granules more 
evenly, but located on the surface of the pores. Small lead phosphate solid aggregates were released from 
the HA sorbent together with dissolved calcium ions, the sizes of the lead phosphate particles 
precipitating on HA depending on the metal ion concentration. These particles can be removed by 
ultrafiltration. Under acidic conditions, which favor HA dissolution, lead phosphate forms by both 
heterogeneous and homogeneous nucleation in the reaction medium [2]. However, in real wastewaters, 
toxic metals are dominantly present in solution bound to organic ligands and, depending on the stability 
constants of the complexes, there is an influence on the amount of free ions. The study of cupric ion 
uptake by the HA particles, for example, leads to the conclusion that organic complexing ligands interfere 
with the water purification procedure by restricting the uptake to the fraction of free ionic species [3]. 
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3. Sorption of organic molecules (containing carboxylic functions and/or phenolic functions) 
HA is also used as material for slow release of pharmaceutical agents. In this case it has been shown 
that the presence of a carboxylic function on the skeletal of the organic molecules can favor the sorption 
with HA by bonding the Ca(II) ions on the surface [4]. This chemical interaction is also observed with 
organic molecules containing a hydroxyquinone chelating systems, such as in the dye alizarine or the 
antitumor anthracycline doxorubicin. It means that the coordination of Ca(II) to the chelating system 
favors the sorption on HA [5]. This binding mode is reversible, depending on the pH of the solution, the 
pKa of the organic functions involved and the weakness in the coordination mode bonding of Ca(II) ions. 
This means that in order to use this process to remove EPs from wastewaters, it is necessary to stabilize 
the coordinating bond by replacing Ca(II) with other cations with stronger coordinating properties such as 
Zn(II), or Cu(II) [6]. 
4. Co-precipitation: elimination of organic dyes 
The current problem with polluted industrial waters in developing nations is the absence of treatment 
prior to environmental discharge, combined with the formation of large amount of wastes when treatment 
is processed. HA can be used as adsorbent to purify textile dye wastewater, by co-precipitation near 
neutral pH values, thus allowing the treated water to be returned to the environment without further pH 
adjustment. Another advantage of this method is that, following thermal treatment at 800°C, sorbed 
organic matter is eliminated and crystalline HA is regenerated. Such HA can be recovered and reused by 
dissolution in acidified water [7]. We have experimented with recycled HA in the co-precipitation of 
textile dyes, by introducing the acid-dissolved HA into a contaminated solution and raising the pH to 
above or near neutral values, and found that HA can be reused many times without loss of activity. This 
treatment is working very well with totally organic dyes, whereas, in the case of blue dyes containing 
cupric ions, the metal ions remain in the solid phase following calcination and reactivity decreases 
slightly. In most cases, a very high level of dye removal was observed (above 98%), with little loss of 
recycled HA (12%). This makes the dye remediation process by HA-co-precipitation economical and 
durable. Laboratory tests with a real industrial effluent showed a linear relationship between absorbance 
abatement (measured as absorbance) and introduced calcium concentration, indicating the feasibility of 
the process [8]. 
5. Reactivity: dechlorination of halogenated compounds, oxidation of sulfur compounds 
In the literature it is reported that Fe(0) is particularly effective in the chemical degradation of 
persistent chlorinated compounds into non-toxic and harmless by-products. Fe(0) and hydroxyapatite 
have been used in order to remove pollutants from groundwater based on different processes, that is 
reduction of organic or inorganic contaminants for Fe(0) and removal of toxic metals for HA. Because the 
formation of reaction precipitates on iron surface limits the long-term success of the Fe(0)-based 
treatment systems, amendment with Zn(0)-HA systems has been also proposed [9]. However, in order to 
have redox reaction on HA surface, it seems not necessary to use metal-doped HA. In fact, we observed 
the rapid disappearance of the smells in municipal wastewater or synthetic water containing methionine 
just after adding HA in the gel form. Batch lab scale experiments did not reveal strong absorption or co-
precipitation of smelling compounds (using polyamines as a model) on the HA surface. Our present 
working hypothesis is that HA favors the fast oxidation of sulfur-containing compounds present in 
wastewater into less volatile sulfate derivatives [10]. 
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6. Permeable reactive barrier (PRB) 
Permeable reactive barrier (PRB) is a technology that has been recognized as an “in situ passive 
method” that is cost-effective for groundwater remediation. It is an implementation of filtration in a 
permeable zone, which passively captures a plume of contaminants through immobilization or 
transformation of the pollutants, releasing uncontaminated water. For instance HA has been suggested to 
remove uranium combined with Fe(0) to reduce halogenated compounds [11].  
However, the permeability of high specific HA is comparable to that of clay and, depending on the 
nature of the soil, the possibility that wastewater pass through the PRB is reduced. In order to improve the 
permeability of HA and to use a less expensive material (if not a solid waste), gypsum has been used as 
binder and HA as filler in laboratory tests. In this case, as a function of the percentage of HA, the porosity 
of the composite material increased as the amount of HA is important, whereas the mechanical properties 
decrease with increasing amount of HA. Moreover, the composite material containing 30% HA was able 
to remove as much lead from aqueous solution in a lab scale experiments as the equivalent amount of 
pure HA in column experiments [12]. This shows that the mineral binder does not interfere with the metal 
uptake capacity of HA incorporated in the composite.  
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